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SUMMARY 

by I. I. Cherkasov, V. V. Gromov 
N. M. Zobachev, A.  A. Musatov 
V. V. Mikheyev, V. P. Petru- 
khin i V. V .  Snvarev 

The groundmeter-penetrometer of the automatic lunar station "LUNA-13" 
is described and account is given on its operation after the soft landing 
of the probe on the lunar surface on 24 December 1966. Evaluation is made 
of the precision of the analysis of the strength of lunar surface as a func- 
tion of the lunar microrelief. 

* 
* J .  

The groundmeter-penetrometer, illustrated in the plate (Fig.1) was in- 
stalled on the automatic lunar station "LUNA-13" with the view of estimating 
the solidity of lunar ground; it constitutes a mechanical device of which 
the description follows. 

It consists first of all of a frame made of plastic material, of which 
the lower part forms an annular stamp with external diameter of 12.0 cm and 
internal diameter of 7.15 cm. The upper, cylindrical part of the body seres 
as a guide for a titanium indentor. The latter has a conical lower part, 
while its upper part is cylindrical. The cone's sharpening angle is 103", and 
its maximum diameter is 35 mm. The indentor mayput downward to a depth of 
5 cm. 

The cylindrical part of the indentor serves as the frame of a solid-fuel 
j e t  engine with nozzle directed upward. An electro-pyrotechnical device for 
engine starting is located directly behind the shear of the nozzle, which is 
ejected by pressure of powder gases upon wear and tear. 

(*) GRUNTOMEP-PENETROMETR AVTOMATICHESKOY STANTSI I "LUNA-13" 
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A t  t h e  same t i m e  t h e  t o p  o f  d e v i c e ' s  frame i s  e j e c t e d ,  whereupon t h e  
w i r e s  of e l e c t r i c a l  c i r c u i t s  of t h e  l a u n c h e r  are  b e i n g  c u t ,  t h e  s p h e r i c a l  
l o c k  l i n k i n g  t h e  i n d e n t o r  w i t h  t h e  frame i s  f r e e d  t h u s  g i v i n g  t h e  fo rmer  t h e  
p o s s i b i l i t y  t o  s h i f t  downward. 

The d u r a t i o n  of  e n g i n e  a c t i o n  i n  terrestr ia l  c o n d i t i o n s  is  of 0.6 - 1 sec. 
and t h e  a v e r a g e  p u l l  i s  5 t o  7 kg. 

The c y l i n d r i c a l  p a r t  of t h e  i n d e n t o r  h a s  a p r o t r u s i o n  s h i f t i n g  i n  a v e r -  
t i c a l  s l o t  of the frame and connected w i t h  t h e  c u r s o r  of t h e  p o t e n t i o m e t e r  
which measures t h e  magnitude of  i n d e n t o r ' s  s h i f t  r e l a t i v e  t o  t h e  frame of  t h e  
d e v i c e .  When o p e r a t i n g  i n  f r i a b l e  d u s t - l i k e  s o i l s ,  t h e  i n d e n t o r  may s i n k  
d e e p e r  t h a n  5 cm.  A t  t h e  same time i t  c a t c h e s  by i t s  p r o t u b e r a n c e  t h e  frame 
of  t h e  d e v i c e  and pushes i n t o  t h e  s o i l  i t s  a n n u l a r  stamp. The s i n k i n g  d e p t h  
of t h e  l a t t e r  may b e  approx ima te ly  judged by t h e  p h o t o t e l e v i s i o n  p i c t u r e s .  

The estimate of mechanical  p r o p e r t i e s  by means of  t h e  groundmeter-penetro- 
meter i s  conducted a f t e r  t h e  d e v i c e  h a s  been b rough t  t o  t h e  s u r f a c e  of t h e  
s o i l  w i t h  t h e  a i d  of a p e c u l i a r  "five-membered" bea r ing -ou t  mechanism. The 
command f o r  d e v i c e ' s  e n g i n e  s t a r t i n g  i s  g i v e n  a f t e r  s t a t i o n ' s  l o b e  a n t e n n a s  
opened up ,  t h e  b e a r i n g  o u t  mechanism o p e r a t e d  and t h e  z e r o  r e a d i n g  h a s  been 
t a k e n  from t h e  p o t e n t i o m e t e r .  

A f t e r  e n g i n e  o p e r a t i o n  h a s  ceased t h e  i n d e n t o r  remains i n  t h e  p o s i t i o n  
r eached  a t  t h a t  moment of t i m e .  The a l t e r n a t e  i n t e r r o g a t i o n  of  t h e  p o t e n t i o -  
meter by s t a t i o n ' s  t e l e m e t r y  a l lows  t h e  d e t e r m i n a t i o n  of t h e  p e n e t r a t i o n  d e p t h  
of  t h e  i n d e n t o r ,  w h i l e  subsequent  i n t e r r o g a t i o n s  r e f i n e  t h i s  f i g u r e  and t r a c k  
t h e  i n d e n t o r  s h i f t s  on accoun t  of v a r i o u s  e x t e r n a l  a c t i o n s .  The p r e c i s i o n  o f  
measurements c o n s t i t u t e s  t 0.03 cm. 

The d imens ions  of p e n e t r o m e t e r ' s  cone and t h e  o p e r a t i o n a l  e f f o r t  o f  t h e  
e n g i n e  were so chosen t h a t  t h e  cone could n o t i c e a b l y  s i n k  i n  most of f r i a b l e  
and po rous  s o l i d  f o r m a t i o n s  t h a t  may b e  encoun te red  on t h e  s u r f a c e  of t h e  Moon, 
e x c e p t ,  however, v e r y  s t r o n g  l a v a s .  The s i n k i n g  o f  t h e  c y l i n d r i c a l  p a r t  of  
t h e  d e v i c e  i s  p o s s i b l e  i n  t h e  p re sence  of g r a n u l a r  s o i l s  and,  f i n a l l y ,  t h e  
a n n u l a r  stamp may be  p r e s s e d  o n l y  i n t o  t h e  s u r f a c e  of weakest ,  
s o i l s  and f r i a b l e  d u s t - l i k e  materials. 

l o o s e  g r a n u l a r  

14  v a r i o u s  materials were used f o r  t h e  ground c a l i b r a t i o n  of t h e  d e v i c e ,  
among which w e r e  porous b a s a l t i c  and a n d e s i t e - b a s a l t i c  l a v a s ,  foam c o n c r e t e  
and foam g l a s s ,  q u a r t z  s and ,  g r a n i t e  g r u s s ,  k e r m e s i t e  g r a v e l ,  " ag lopor i tous"*  
s a n d ,  bulged p e r l i t e  sand and o t h e r s .  The v o l u m e t r i c  weight  of  t h e  materials 
v a r i e d  from 1 .95  t o  0.16 g/cm3 - and t h e  a g g r e g a t e  s t a t e -  from ha rd  th rough  
f r i a b l e  and d u s t - l i k e .  The c a l i b r a t i o n  t e s t s  were conducted on l a r g e  b l o c k s  
o f  ha rd  materials and i n  c y l i n d r i c a l  t a n k s  of 60 c m  and d i a m e t e r  and d e p t h  
and f i l l e d  w i t h  g r a n u l a r  and d u s t - l i k e  mater ia l s .  The i n d e n t o r  p r e s s i n g  w a s  
r e a l i z e d  by e n g i n e ' s  mo t ive  power and f o r  c o n t r o l  by s t a t i s t i c a l  l o a d i n g .  

* [no e q u i v a l e n t  word w a s  found i n  any s p e c i a l i z e d  and e a r t h ' s  s c i e n c e  
d i c t i o n a r i e s ] .  
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A s  a r e s u l t  of  c a l i b r a t i o n  a t a b l e  w a s  o b t a i n e d  f o r  i n d e n t o r  s i n k i n g  d e p t h s  
t o g e t h e r  w i t h  t h e  frame f o r  each  of t h e  i n v e s t i g a t e d  ma te r i a l ;  i t  was subse- 
q u e n t l y  u t i l i z e d  f o r  d e c i p h e r i n g  t h e  d a t a  o b t a i n e d  from t h e  Moon. 

A d d i t i o n a l l y  t o  t h e s e  expe r imen t s  r e a l i z e d  i n  t e r r e s t r i a l  c o n d i t i o n s ,  a 
ser ies  of  expe r imen t s  were c a r r i e d  o u t  i n  a vacuum-chamber w i t h  d i s c h a r g e  of 
25 - 37 mm Hg; i t  h a s  shown t h a t  t he  e n g i n e ' s  t r a c t i o n  p u l l  t h e n  i n c r e a s e s ,  a s  
an a v e r a g e ,  by 8 . 5 % ;  s p e c i a l  expe r imen t s  f o r  a s c e r t a i n i n g  t h e  i n f l u e n c e  of  
t h e  g r a v i t a t i o n  a c c e l e r a t i o n  on t h e  d e p t h  of i n d e n t o r  p r e s s i n g  i n t o  g r a n u l a r  
s o i l s .  

Such expe r imen t s  were conducted i n  t h e  c a b i n  of an a i r c r a f t  f l v i n g  a l o n g  
a t r a j e c t o r y  o v e r  which a n  a c c e l e r a t i o n  was ma in ta ined  e q u a l  t o  l u n a r  g r a v i t a -  
t i o n a l  a c c e l e r a t i o n ,  i. e .  1 . 6 6  m/sec2.  
d i f f e r e n t  g r a n u l a r  s o i l s  w i t h  t h e  a i d  of a s p i r a l  s p r i n g ,  t h e  p e n e t r a t i o n  d e p t h  
b e i n g  r e g i s t e r e d  by a mechan ica l  r e c o r d e r .  The comparison of  t h e  p e n e t r a t i o n  
d e p t h  under  t h e s e  c o n d i t i o n s  w i t h  t h a t  o b t a i n e d  by t h e  same method on E a r t h  
a l lowed  u s  t o  e s t a b l i s h  t h a t  t h e  d e c r e a s e  of t h e  g r a v i t a t i o n  a c c e l e r a t i o n  by 
6 t imes v s  t h a t  on E a r t h ,  l e d ,  as an a v e r a g e ,  t o  i n d e n t o r  s i n k i n g  i n c r e a s e  by 
70 p e r c e n t .  

The i n d e n t o r  w a s  p r e s s e d  i n t o  two 

The groundmeter-penetrometer  was a p p l i e d  f o r  t h e  s t u d y  of  l u n a r  s u r f a c e  
s o i l s  on 24 December 1966 a t  2106 hours  Moscow t i m e ,  a f t e r  s o f t - l a n d i n g  of ALS 
LUNA-13. The i n i t i a l  p e n e t r a t i o n  dep th  w a s  found t o  be 4 . 5  c m .  Subsequen t ly  
i t  v a r i e d  from 4.17 t o  4 .33  mm, a p p a r e n t l y  as  a consequence of  t e m p e r a t u r e  
d e f o r m a t i o n s  of  t h e  e x t e n s i o n  mechanism and o f  s t a t i o n ' s  frame. 

When e x t e n d i n g  t h e  i n d e n t o r  by 4 . 5  cm, t h a t  i s ,  less t h a n  5 cm, i t s  pro- 
t u b e r a n c e  cou ld  n o t  c a r r y  a l o n g  t h e  d e v i c e ' s  frame and ,  c o n s e q u e n t l y ,  t h e  an- 
n u l a r  stamp d i d  n o t  s i n k  i n t o  t h e  s o i l  under t h e  a c t i o n  of t h e  t r a c t i o n  f o r c e  
of the  i n d e n t o r .  

Taking i n t o  accoun t  t h e  i n c r e a s e  of t r a c t i o n  f o r c e  i n  vacuum and t h e  i n -  
crease of s i n k i n g  a t  l u n a r  g r a v i t a t i o n  a c c e l e r a t i o n ,  t h e  p e n e t r a t i o n  d e p t h  o f  
t h e  i n d e n t o r  i n t o  t h e  same s o i l  i n  t e r r e s t r i a l  c o n d i t i o n s  must c o n s t i t u t e  about  
2 . 6  c m .  I n  acco rd  w i t h  t h e  c a l i b r a t i o n  tests t h i s  could have t a k e n  p l a c e  i n  
two cases: a t  d e v i c e ' s  o e r a t i o n  i n  a q u i c k  q u a r t z  sand w i t h  v o l u m e t r i c  we igh t  
no h i g h e r  t h a n  1 . 5 2  g/cmP o r  i n  a l i g h t  g r a n u l a r  material - of t h e  porous c l a y  
f i l l e r  t y p e  o r  "ag1opori tous"sand w i t h  v o l u m e t r i c  weight  of about  0 .77 g/cm3, 
c h a r a  c t e r i z e d  by f e e b l e  c o h e s i o n s  between g r a i n s .  Inasmuch as t h e  p r e s e n c e  
i n  t h e  uppermost l a y e r  o f  t h e  l u n a r  s u r f a c e  of  materials w i t h  v o l u m e t r i c  weight  
g r e a t e r  than 1 . 5  g/cm3 is cons ide red  l i t t l e  p r o b a b l e ,  one shou ld  a p p a r e n t l y  re- 
c o g n i z e  as more r e l i a b l e  t h e  e x i s t e n c e  of a l a y e r  of weakly-coherent l i g h t  
g r a n u l a r  mater ia l ,  of  which t h e  t h i c k n e s s  under groundmeter-penetrometer  would 
c o n s t i t u t e  no less  than  5 cm. 

The above d a t a  r e f e r  t o  t h e  case  of d e v i c e ' s  o p e r a t i o n  on a smooth s u r f a c e .  
Inasmuch as  nuerrnous s t o n e s  and c r a t e r l e t s  a r e  encoun te red  on t h e  Moon's s u r -  
f a c e ,  a d i s t o r t i o n  of  t h e  r e s u l t s  of  measurements on account  pf d e v i c e ' s  bend- 
i n g  and fo rma t ion  of gaps  under  i t  i s  p o s s i b l e .  A n a l y s i s  of t h i s  q u e s t i o n ,  
u t i l i z i n g  t h e  d a t a  on l u n a r  m i c r o r e l i e f  p r e s e n t e d  i n  t h e  work [l], h a s  shown 
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t h a t  t h e  p r o b a b i l i t y  of a n  u n s u c c e s s f u l  f rom t h e  s t a n d p o i n t  of  p r e c i s i o n  ex- 
pe r imen t  o f  the s u r f a c e  r e l i e f  su rveyed  LUNA-9 c o n s t i t u t e s  a b o u t  n e a r l y  30%. 
I n  t h e  p l a c e  of  l a n d i n g  of  LUNA-13 t h e  s u r f a c e  w a s  somewhat smoo the r ,  so  t h a t  
t h e  p r o b a b i l i t y  of h a v i n g  o b t a i n e d  more r e l i a b l e  r e s u l t s  i s  i n  t h i s  case h i g h e r .  

N a n u s c r i p t  r e c e i v e d  on 25 J u l y  1967 
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